Experimental section
All the reagents and solvents were purchased from commercial suppliers and used without further purification. Anhydrous solvents were obtained from a Solvent Purification System. TLC was performed on silica gel 60 F 254 Aluminium sheets. Flash chromatography was performed using silica gel P60 (200-500 mesh). Room temperature (rt) refers to 25°C. HPLC analyses were performed using modular equipment with autosampler and UV-Vis detector. NMR spectra were recorded on an automated Varian Mercury 400 instrument (400 MHz for 1 H, 101 MHz for 13 C and 376 MHz for 19 F). The chemical shifts are reported in ppm and referenced to the appropriate NMR solvent peak, and coupling constants (J) are reported in Hertz (Hz). Proton signal multiplicities are indicated by: s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), b (broad) or a combination of them. High resolution Mass Spectrometry analyses were acquired by ESI-TOF. Mass Spectrometry analyses of complexes were performed using a MALDI TOF/TOF mass spectrometer. Optical rotations were measured on a Perkin elmer 341 polarimeter using a 1 mL cell with a 1 dm path length at room temperature using the sodium D line as wavelength, and a suitable solvent that is reported along with the concentration (c=g/100ml). Absorbance measurements were performed on a Molecular Devices SpectraMax M5, at room temperature. UV-Vis spectra were recorded in THF using a quartz cell. For all the experiments, the observed spectral region was from 200 to 500 nm. For the determination of formation constants, the spectrophotometric data were fitted with the HypSpec software. The distribution diagrams of species were calculated using the software Hyperquad Simulation and Speciation (HySS). Adapted from a previously described procedure. [1] A solution of 2-chloro-5-nitropyridine (801 mg, 5.05 mmol), 2-tributylstannylpyridine (2 g, 5.5 mmol, 1.1 equiv.), and Pd(PPh 3 ) 2 Cl 2 (168 mg, 0.24 mmol, 0.05 equiv.) in dry THF (8 mL) was refluxed for 24 h under nitrogen atmosphere. During the course of the reaction, the color changed from yellow to black as Pd(0) was formed. The reaction mixture was cooled, diluted with ether, filtered through a silica gelcelite bed and eluted with DCM. Evaporation of the solvent gave a yellow colored solid. The
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crude product was purified by silica gel chromatography eluting with DCM. 5-Nitro-2,2'bipyridine was obtained as a pale yellow solid (610 mg, 3.03 mmol, 60%). Figure S3 . 13 Figure S9 . 13 C NMR expansion of aromatic region of 5-Amino-2,2'-bipyridine. Figure S26 . 1 H-13 C gHSQC (400 MHz, 298 K in CD 3 OD) spectrum of bipyTU. S19
General procedure for the asymmetric aldol reaction
A mixture of Zn(O 2 CCF 3 ) 2· xH 2 O (5.5 mg, 0.019 mmol, 10 mol %), bipyPro (5 mg, , 0.019 mmol, 10 mol %) and bipyTU (8.4 mg, , 0.019 mmol, 10 mol %,) was stirred in dry THF (300 µL) and H 2 O (10 µL, 0.55 mmol, 3 equiv. with respect to aldehyde) at room temperature for 1 h and at 0°C for 30 min. Then, the aldehyde (0.19 mmol) and ketone (1.9 mmol) were added. The resulting mixture was stirred at 0°C for 8-20 h. The reaction was quenched with water and the organic phase was extracted with ethyl acetate (x3). The combined organic layers were dried over anhydrous MgSO 4 , the solvent was evaporated and the crude product was purified by flash chromatography eluting with hexane/ethyl acetate mixtures of increasing polarity. 1 H NMR on the crude samples was performed to determine conversion and diastereoselectivity. The enantiomeric excess was determined by HPLC on chiral stationary phase (See below for details). 
(S)-2-((R)-(4-chlorophenyl)(hydroxy)methyl)cyclohexan-1-one:
Effect of the premixing time of catalyst
A mixture of Zn(O 2 CCF 3 ) 2· xH 2 O (2.7 mg, 9.3·10 -3 mmol, 10 mol %), bipyPro (2.5 mg, , 9.3·10 -3 mmol, 10 mol %) and bipyTU (4.2 mg, , 9.3·10 -3 mmol, 10 mol %,) was stirred in dry THF (300 µL) and H 2 O (10 µL, 0.55 mmol, 3 equiv. with respect to aldehyde) at room temperature or 0°C at different premixing times. Then, the aldehyde (0.19 mmol) and ketone (1.9 mmol) were added. The reaction was sampled at different hours. Conversion was determined by 1 H NMR (CDCl 3 ) in the crude samples. Figure S28 . Conversion vs. time plot at different premixing at 0°C.
The results showed that premixing time (1h) at room temperature or at 0°C is necessary to enhance the rate of reaction. 
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Effect of the amount of metal and ligand in the aldol reaction
1 H NMR Titration of the bipyPro and bipyTU mixture with Zn(O 2 CCF 3 ) 2 .
Spectra recorded on a Varian 400 MHz spectrometer at room temperature. CFCl 3 was added to THF-d 8 to be used as reference signal (δ (ppm) 0.00). 1 The stock solution of compound bipyPro (5.22 mM) in THF (spectroscopic grade) was prepared in 1 mL volumetric flasks. 30 µL of this solution was diluted to 5 mL THF (spectroscopic grade) in order to obtain 0.031 mM concentration. The solution in a 10 mm cuvette (2 mL) was then titrated with Zn(O 2 CCF 3 ) 2 ·xH 2 O (6.2 mM) + bipyPro (0.031 mM) mixture and UV-vis spectrum was recorded. The resulting data was imported in HypSpec program and fitted to obtain association constants. A total of 9 spectra were used for the refinement in the HypSpec software. [6] 200 The stock solution of compound bipyTU (5.3 mM) in THF (spectroscopic grade) was prepared in 1 mL volumetric flasks. 30 µL of this solution was diluted to 5 mL THF (spectroscopic grade) in order to obtain 0.032 mM concentration. The solution in a 10 mm cuvette (2 mL) was then titrated with Zn(O 2 CCF 3 ) 2 ·xH 2 O (5.8 mM) + bipyPro (0.032 mM) mixture and UV-vis spectrum was recorded. The resulting data was imported in HypSpec program and fitted to obtain association constants. A total of 10 spectra were used for the refinement in the HypSpec software. [6] The stock solution of compound bipyTU (4.81 mM) and bipyTU (4.98 mM) in THF (spectroscopic grade) was prepared in 1 mL volumetric flasks. 30 µL of this solution was diluted to 5 mL THF (spectroscopic grade) in order to obtain 0.029 mM and 0.0299 mM concentration, respectively. The solution in a 10 mm cuvette (2 mL) was then titrated with Zn(O 2 CCF 3 ) 2 ·xH 2 O (6.86 mM) + bipyPro (0.029 mM) + bipyTU (0.0299 mM) mixture and UV-vis spectrum was recorded. The resulting data was imported in HypSpec program and fitted to obtain association constants. A total of 8 spectra were used for the refinement in the HypSpec software. [6] Figure S41 . UV/Vis titration of bipyPro upon addition of increasing amounts of Zn(O 2 CCF 3 ) 2 (0.0039 mM to 0.061 mM) in THF at 25°C.
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The determination of the formation constant was achieved using the model: 
Species distribution of the system
This species distribution diagram was produced by Hyperquad Simulation and Speciation software (HySS). [7] 0.00 0.02 0.04 0.06 0.08 0. 
Mass spectrometry (MALDI-TOF)
MALDI-TOF MS experiments were performed in positive ion mode without matrix. Identified species with the corresponding calculated and recorded isotope distributions are showed.
[Zn(TFA)(bipyPro)] + found:
Calculate:
[Zn(TFA)(bipyPro) 2 ] + Found:
Calculated: S45
Effect of bipyTU on reaction rate
From the conversion vs. time data for the asymmetric aldol reaction between cyclohexanone and p-nitrobenzaldehyde at room temperature, reaction rates were calculated by the Reaction Progress Kinetic Analysis method [8] through exponential fitting followed by its derivative. The plot below can thus be constructed. 
Fraction conversion
Zn-bipyPro-bipyTU
Zn-bipyPro
The slopes of the straight lines can be considered as apparent kinetic constants, and their ratio k(Zn-bipyPro-bipyTU)/k(Zn-bipyPro)=0.848/0.252=3.4 shows more than a three-fold acceleration upon the addition of bipyTU to the reaction.
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Catalyst order in Zn(O 2 CCF 3 ) 2 +bipyPro+bipyTU:
Conversion vs. time was measured by 1 H NMR for several aldol reactions between cyclohexanone and p-nitrobenzaldehyde at four different catalyst loadings. Initial rates (slope) were calculated for the initial 2-4 hours: Catalyst order
Non-linear effects (NLE):
On the reaction between cyclohexanone and p-nitrobenzaldehyde. 
